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TITLE OF THE INVENTION 

FILTER USING CARBON NANOTUBE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[00 011 This application Cains the bene* of Korean Patent Application No. 2002-^83, fled 
oiler 23, 2002, in the Korean Intellectual Property Office, the disclosure of wh.ch ,s 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 Field of the Invention 

,0002, ' The present invention relates, in general, to Alters for use in air conditioners and. more 
least one type of metal are deposited into each oarbon nanotube. 

2 Description of the Related Art 

,0003! As is well known to those skilled in the art, human beings, on average, spend at least 

^demand for pun.cation of room air is increasing, and, according., research ,n,o a,r 
purification has been increasing. 

,0004, Tvpically an air conditioner or an air cleaner is provided in homes to purify room air. 
is essentially mounted therein. 

,0005, FIG. , illustrates a conventional air conditioner 5 eguipped with a dus, 

eTnd a decking frlter 7. As shown in FIG. 1 , the air conditioner 5 adsorbs and removes 
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dust as well as chemical contaminanfs. -or example. N H 3 , HC, H, organic gases. NO, or 



purposes. 

(00071 ^^j^issi- 

surface area of me filter, in which the max,mum ^ «"» « 
carbon, carbon Mr. or ion exchange resin is no more than 10 m*. 

•„ .hot it orruDles a large volume within the home, 
disadvantageous in that it occupies a km y 

maintain and handle the filters. 

alcohols, hydrocarbons, organic acids. Ketones, aldehydes etc.). they 
headaches, as we,, as disorders of the central nervous system. 

causing air contamination. 

Th thp VOCs are removed by incineration (heat and catalyst), adsorpt,on 
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of cost volume, and management, 
service life and high handling cost. 



SUMMARY OF THE INVENTION 

metal are deposited into each carbon nanotube. 
[0017] a-otberaspecto^presen^^^^^ 

nractice of the invention. 

pi es of at least one type of meta, are deposited into the carbon nanotube. 

t to sterilize remove odors from air, remove volatile organic 
[0020] The metal particles operate to stenl.ze, remove 

compounds from air, or combinations thereof. 

- --r;r;Tr::^r~:^=™ 

(Al), copper (Cu), iron (Fe), z.nc (Zn), cadmium t p rgmove 
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wh ,ch remove odors from * or combinations .hereof, resulfing in the ^ parbc.es e>hibi«ng 
not only a dust collecting operation but also a sterilizing operation. 

,0022, To achieve ft. above and/or other aspecfs o. me present invention, there is provided 
carbon nanotube. 

[0023, The «** particles operate to sterilize, remove odors from air, remove volatile organ, 
compounds from air, or combinations thereof. 

,0024! The metal particles are selected from the group consisting of silver (Ag), aluminum 
not only a dust collecting operation but also a sterilizing operation. 

,0025, To achieve the above and/o, other aspects according to the present '—.mere ,s 

Zs as a cathode and an anode, the method including forming holes ,n the cathode g aphite 

Itg e JLa, discharge between the cathode graphite rod and the anode graph, e n* 
22 carbon ctusters separate from the cathode graphite rod and condens e on ^n* 
graphite rod. me condensed carbon dusters containing carbon nanotubes; and d,spe,s,ng 
carbon nanotubes in a polymer. 

,00261 in addition to achieve the above and/or other aspects according to me present 

n rT provided a lase, vaporized method of forming a filter for an air conditioner, 

vaporize me graphite target, wherein the vaporized graphite condenses on a Sector and 

contains carbon nanotubes; and dispersing the carbon nanotubes ,n a polymer. 

,0027! These ,ogemerwi.homeraspec.sand/oradvan.ages.hatwillbesubsequen«y 

like numerals refer to like parts throughout. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0 028] These and/or other aspects and advantages of the invention will become apparent 
and L readily appreciated from the fol.owing description of the preferred embod.ments. 
taken in conjunction with the accompanying drawings, of wh.ch: 

FIG. 1 is a view illustrating a structure of a conventional air conditioner equipped with a 
dust collecting filter and a deodorizing filter; 

FIG. 2A is a view illustrating a structure of a carbon nanotube; 

FIG 2B is a view illustrating types of carbon nanotubes; 

FIGS 3A through 3D are chromatograms illustrating adsorption performance of a 
conventional activated carbon ,ter and a carbon nanotube f.ter of the present — ; 

Fig. 4A is a view illustrating a process of depositing metal parses ,nto a carbon 

nanotube by arc-discharge; „„ rKon 
FIG 4B is a view iiiustrating a process of deposing metal paroles ,nto a carbon 

nanotube by laser vaporization; and 

HG 6 is a view iUus.ra.ing a s.a,e o. me,a. particles being deposited Into .he carbon 

nanotube. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029, Hereinafter, an embodiment of me presen. inventor wll, be described in detail with 
eferenoe to the attached drawings, wherein the .ike reference numerals refer to me Ike 

forms and should no. be construed as being limited to me embod.men, set fort he,*, . n*» 

Zmbodimen, is provided so the. me presen, disclosure will be thorough and cemptete, and 

will fully convey the concept of the invention to those skilled in the art. 

,00301 A carbon nanotube (CNT), which is redely a new materia,, is a carbon aWope 
cart, on is presen, in large amounts on the earth,, in which one cartoon atom is bonded wfth 
L carbon atoms in a hexagona, honeycomb shape, and me hexagena, 

combine to form a ,ubu,ar shape. The carbon nanotube has a nanome.er-sca,e, ultra small 

diameter. 
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[0031] FIG. 2A illustrates carbon allotropes and a structure of the carbon nanotube. As 
shown in FIG. 2A, the carbon nanotube is practically in the form of a graphite sheet that is 
wound in a nanometer-scale diameter, with an sp 2 bonding structure. 
[0032] FIG. 2B illustrates different types of carbon nanotubes. As shown in FIG. 2B, the 
carbon nanotubes are classified into two types according to a bonded number of walls of a 
nanotube, for example, a single-walled nanotube and a multiwalled nanotube. In addition, a 
plurality of single-walled nanotubes may be bundled to form a rope nanotube. 
[0033] The carbon nanotube has a diameter ranging from several nanometers (nm) to 
several tens of nanometers, and is about 0.1-10 um long. The carbon nanotube has a surface 
area of about 10 4 m 2 /g, including a hollow core. As a specific surface area of the carbon 
nanotube increases, adsorption efficiency of a filter including the carbon nanotubes becomes 
high, whereby a compact filter having a long service life may be easily fabricated. 
[0034] In the following comparisons of adsorption performance of deodorizing filters 
according to conventional techniques and the present invention, activated carbons and the 
carbon nanotubes were used, respectively. 

[0035] Using an HP5890 series II gas chromatograph, each sample filter was disposed in a 
column (DB-1: diameter 0.53m, length 3m), in which nitrogen gas used as a mobile phase was 
fed at 2 ml/min. For the blank, benzene, ethyl acetate, and toluene were used in an amount of 3 
pi. Benzene, ethyl acetate, and toluene were used in the amount of 20 pi for the activated 
carbon filter and the carbon nanotube filter. 

[0036] After a predetermined period of time, the amount of benzene, ethyl acetate, and 
toluene remaining in a closed room was measured using a flame ionization detector (FID). As 
such, an inlet of the column was 200°C, the inside thereof was 30°C (5min) to 100°C 
(10°C/min), and an outlet thereof was 250°C. 

[0037] FIGS. 3A through 3D illustrate the test results for the performance of the activated 
carbon filter and the carbon nanotube filter. As shown in FIGS. 3A through 3D, benzene, ethyl 
acetate, and toluene were not substantially detected after 4 hours in either of the filters. 
[0038] However, as seen in the following Table, concentrations of benzene, ethyl acetate, 
and toluene, according to duration of elapsed time, were very different for the activated carbon 
filter and the carbon nanotube filter. 
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(Concentration unit: ppm) 




,0039] When the carbon nanotubes have too high a density, fabrication cost increases. On 
the other hand, too low a density of the carbon nanotubes results in decreased deodonzatoon 
performance. Hence, the carbon nanotubes are dispersed in a proper amount, depend.ng on 
the type of environment in which the filter is to be used, into a polymer, such as polypropylene, 
to fabricate the carbon nanotube filter. 

[0040] To remove VOCs from air flowing through the filter, nano-sized metal particles 
selected from among copper (Cu), platinum (P.), and nickel (Ni) are deposited into each pore of 
the carbon nanotubes, thereby enhancing the removal of hazardous materials of the Alter. In 
addition, to sterilize air flowing through the filter, nano-sized metal particles seieoted from 
among silver (Ag), aluminum (Al). copper (Cu), iron (Fe), zinc (Zn). cadmium (Cd), palladium 
(Pd). rhodium (Rh>, and chrome (Cr) are deposited into me pores of the carbon nanotube. 
Further, nano-sized metal particles of titanium oxide (T,0 2 ). vanadium (V), zinc (Zn). or gold (Au) 
are used to enhance deodorization properties of the filter. 

[0041] The nano-sized metal particles are deposited into the carbon nanotubes by arc- 
discharge or laser vaporization. 
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discharge occurs be^een t»o 8 raphi.e rods used a ~ at , ow 

nanoparticles. To fabricate a caroo such gs Ag 



carbon nanotube. 

[0044] FIG. 5 illustrates me metal partes being deposited into the carbon nano.ube by 
above arc-discharge process. 

compact filter may be provided, 
provides economic benefits. 

dust collecting filter, and is easily handled and maintained. 

[0048] oependingon—nent ^'^^ZZZL 

treatment apparatus or filter. 
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[0049] Thus, even with having a thin thickness, the filter using the carbon nanotubes 
according to the present invention efficiently purifies room air and can be recycled through a 
simple treatment, thus providing economic benefits. Further, because a dust collecting filter .s 
not additionally mounted in the air conditioner, the carbon nanotube filter of the air cond.fioner 
may be easily maintained and handled. Also, nano-sized metal particles of at least one type of 
metal are deposited into the carbon nanotubes, and thus the filter using the carbon nanotubes 
efficiently removes hazardous materials such as VOCs, even without use of an add.t.onal 
apparatus. Consequently, the air conditioner may be compactly fabricated. 
[0050] Although an embodiment of the present invention has been shown and described, it 
will be appreciated by those skilled in the art that changes may be made in this embodiment 
without departing from the principles and spirit of the invention, the scope of which is defined ,n 
the claims and their equivalents. 
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